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Abstract 

In order to evaluate the antifungal activities of bryophytes, 23 taxa (including 21 

mosses and two leafy liverworts) were collected, washed, dry-powdered and then extracted in 

different solvents including water, methanol, ethanol, acetone and petroleum ether. These 

extracts were mixed with Czapek-Dox (CzA) medium at the ratio of 1:10, and seven different 

pathogenic fungal species, namely, Alternaria alternata, Fusarium solani, F. oxysporum, 

Macrophomina phaseolina, Rhizoctonia solani, Verticillium dahliae and Pythium sp. were 

then grown on these mixtures. Controls were kept free of the plant extracts. Among the 

collected and studied bryophytes, the broadest spectrum of antifungal activity were shown by 

the ethanolic extracts of six moss species, namely, Philonotis marchica, Grimmia pulvinata, 

Plagiomnium rugicum, Haplocladium sp., Bryum pallens and Drepanocladus aduncus 

followed by two liverworts called Pellia epiphylla and Dumortiera hirsuta. It was also 

concluded that, ethanol was the most efficient among other experimental solvents. The 

statistical analysis using MSTATC showed significant variances between the effects of 

above-mentioned bryophyte extracts on the mycelial growth of the pathogenic fungi under 

investigation. 

Key words: moss, hepatic, liverwort, antimicrobial, pathogenic, control 

  

#$
�$  

��"# �0 -�P# �) *# �0�gC� ��'	'() �a �%H 0��� �0 -��� B�CD� ���  �� -�	


2	����
  ��)�%H J	)�&� � �� 7.��K� �� �� �� (C��
 ���L 0�.�� *
 �
�	C,0 �
 ��Y> �*

-� �0�
��# 0�gC�  ��(Ando and Matsuo, 1984) -���	
 M�. Q. �\� 0.�� Q. �g	,� *P�.0 �



                                                                          #	
��� � �
�$ �

�% #

 : �&'(( �	
�� )* 	���+� )*,--  

  

  

 �

�A j.�H �.�.0 *# ���0�
 ���,�P� � k.�DC,.  -�P#. l� � �0�
 �����C#�
 �A � �?��@ 

��"# �H�
 �0 �� �.�@ �0�SC,. 0��� �Q�,��.0 � �$�%&��	
 �0 �� �	
�I.   

 X�, Q.            2G	����
 *# �I0�
 ��� *C$I M�. *��C� -.�P�"I.0 �`	6 ��        -�G��	
 mYH�G
 �G�

  �.��
     T%	I�
�.��$	� Q. �#�I. 0.�g) *��Z 0���    �� �.�@ ��           ��.�G�KI �.�G
 *GU	CI �0 � �I�	


 *GI��I   -� ������G
�� ��G�      2+G	I TQn �GL�H ��G�	) �G�(Banerjee & Sen, 1979) .  m�Ga Q.  

 �
 ��K�0      �KI�K? �V
�P� �H�
 ���� �	;<)        T%	I�G
�.��$	� X�GCP# �0 -���	
 M�. ���=>       *G
 �G�  

   �G� ��$G�� �PG���  00�G
) McCleary & Walkington, 1966; Gunnison & Alexander, 1975;  

Glime & Saxena, 1991 .(�,��
 �0  [,�) *# ����Madsen & Pates (1952)  2"G� ��� T�UI.   

 . *GG
 2GG	����
 *GGI�
���GG, : Dumortiera hirsuta, S. strictum, Sphagnum portoricense�  

Orthotrichum rupestre R��GG@ *GG	�> Candida albicans �GGI0�
 �GG�� �
�GGI�.0Q�
 �GG;. �.�.0 .

 M	Ph��Mc Cleary et al. (1960)� ��� Q. ��	
���  �%GH [G,�) .� ��#5� R��@     7�.%G
 �G�

�I0��I.  *# �)�g\�i� �aWolters (1964) ��� ��2	����
 Q. *I�
    2G��
 *U	CI �0.0 T�UI. ��

  *GI�
 *G#   ��G�Pogonatum aloides, Plagiothecium delicatulum� Diplophyllum albicans  �0   

  �I0��I o�S�. .� `'I M��C"	
 _�])�. M�. .`��p6 �0     *G# ��C"G	
 ��G� q�G]@�gC�   T�GUI. 2G��
   

)Mc Clure & Miller, 1967; Huneck, 1969; Tutscheck & Rodolph, 1971; Herout, 1975; Huneck 

& Schreiber, 1975; Smith, 1978( �GGS�CD� 0.�GG� �  �GG
�? *GG��� Q.   ���"GGI r�]GG�. ��GG�  

   -�PK	\ ���C,. s�? ����	,.   �	��I�Y� ���   ��) ���   �G	��P6�)          �G�P� 0.�G� � �G�  2G	����
 Q.    �G�

 � k.�DC,.  2G��
 �.�G@ ���,�P� 0��� .� -� Q.  �*G��Pryce (1972)   �	G,. *G# 0.0 -�"GI    ��G�  

Lunularic� Lunuralin *I�
 �0 0����  *I.�� Q. �-���	
 M�. Q. �.  t�� �IQ  R��G@   �G	OI ���G�:  

Botrytis cinerea, Septoria nodurum Alternaria brassicola, �  Uromyces fabae ��	
�GG��

�� ����I . �C,.� M	�� �0Banerjee & Sen (1979)� ̀ ��G�Q� �a    �0�C+G
 ��G�   ��� *G# �.4E 

2	����
 Q. *I�
  F
�'� �0 ���E *G��� Q. T%	I�
�.��$	� :Aspergillus niger, Curvularia lunata  

� Helminthosporium oryzae     ��G];. *G
 -�G��	
 M�. �0 .� �?��@ �A 0.�� 0��� ��I0.0 T�UI.

�I�I�,� .  -� ���u. �
�P
     j.�H ���� �$	)�	
 �CI 2	����
     *I�
 Q. ��          ���GS) �GK�0 *GI�
 *
 �.

      V�� -��Q �M, *
 � 0�.0 v�+(�    T�
 ��K��� �����     �CH�PG�)         � `G��� FG(� r�GS)�. �G	OI



���������	
��
 � �
:  ��	��������� �	
�� ��	
� �� ������� ��
!�"!  

  

  

  

  �

��	f (    0�.0 l	'C+� _�])�. XYZ � .    -� 0�'C>. *
 ���Y> *
    ���pH      �G�I %G
�� �
� ���=>     �GI.�)

0��
 2S� Q. �)n�
 � ���? Q. �C�# .�OIMc Cleary & Walkington (1966) ���=> 0��� �0    ���

Sphagnum cuspidatum �S. palustre � Polythrichum commune ) .� d�i� M�. %	I<�� �	� ����I .

Banerjee & Sen (1979)�
�GGI�.0Q�
 �.�GG;. Q. �g	GG,� �GGL�0 %GG	I  .� �%GGH �0 T�GGI *GG
 �. :

Brachythecium procumbens ���GGG,. *GGG
 7.��GGGK� *GGGI�
 �0 �: Asterella sanguinea � 

Marchantia palleacea *
 �I�I�,� ��];. .Borel et al. (1993)  ���=G> Q. WG6     2"G� Q. ��G	


���� ��I�.0Q�
 �0�� ��%H *I�
  T�GI *
Dicranin   Q. .�Dicranum scoparium  .� -� � k.�DCG,. 

   T%	I�G
�.��$	� *G	�> 2G	'��� �
      �GI0�
 ��G# *G
 2G�Q.��6 ��G�. Lorimer et al. (1993)  wG���   

         T�I *
 ��K�0 �?��@ �A �0�� k.�DC,. *
Bibenzyl  7.��K� Q.    �I�� �� .   w'(� M�. M	Ph��

`I.��$�� Q. �$� J�# *
 (Lorimer & Perry, 1994)      .� ��GK�0 �?��G@ �GA 0.�G� 2+GI.�)   

   T�I *
Hydroxyacetophenones     ����I B"# -���	
 M�. �0  .��Y>  �
    s�? �	,. �M�.   ��G��� 

 T�I *
Cyclopentenyl�%H Q.   ���G,. *
 ���� :Dicranum japonicum � D. scoparium  k.�DCG,. 

R��@ ��� *# ��0�
 Pyricularia oryzae .�  �G� eI�
 2,Y
 ����	
 d��� *#   qY��G# ��G�0�
 

 ���� ����I.  7�.%
 *
Makuria et al. (1998)�%H � �$� �@�� ��.��
 -���	
 mYH�
 ��T%	I   ��G�

�>��0  � �PC+��\  x�> �0    F	\0 *
  MC�.0 ��6 0.��  ��P�     �G
 *G�
�'� �.�
  T%	I�G
�.��$	�    ��G�

����	
 .Q� T%	I�$� Q. �p��  �.�I�.0��H�
 .  

y�� d\�i� *
 *��) �
 q.�	H. *# �0�gC� ��'	'() *�.0. lf�	�> ��#5\. �A 0.�� 0��� �0 

 2	����
 �����C#�
 � �?��@ �,.�, �0 ��*C��
 T�UI. -���  (Tadesse 2002, Frahm, 2004) �

 M�. �0 -.��. �0 Q�P� *P	�Q�� ��P) � *C��KI ���L �"��p6  ��'	'() 0��� J� *
 -.�)

 X�, �0 *# �)���'��3�� [,�) ��C#0 *\�,� d\�@ �0 Mirzaee (1999) ����. ��	,� T�UI. *
 

0��I. �� �	;<)�%H �H�
 �
��$	� �A �. �� 
 ���*I� R��@ Q. ���� ��C#�
 � �� �� .� �,��
 

� 0��I �	;<)�%H   lz�@ *# .� ����(acrocarps) ��	
.�H �� ��I%H � (pleurocarps) � �I0�
 

	��P`D
 ��i  0.0 �.�@ `��p6 0��� *I�
.�� ��a *
 .� J� �� �C	����&,. � �C	��C��
 ���

0��� 2,0 *
 �)��SC� e��CI J� �� Q. � . M�. w]a�e��CI�%H �$�{�\���� ��CH�,   �.�'� �0 ��

�! 0�.0 l	'C+� 2\�H0 -�"I0�]I �� -0�
 �; � �C	����&,. *�Z�� �0 .� F�> ���@ -���	
 M�.



                                                                          #	
��� � �
�$ �

�% #

 : �&'(( �	
�� )* 	���+� )*,--  

  

  

 �

 F	\0 *
��	�6 ��|Z ���  ��a *
 �\��, ��.��0 *
 F=C���C"	
 -�"I �� �P�0.  

 ��A�Z `��p6 �0\�g�	 b?��@ �A 2 0.�g)E3���
 Q. B�CD� *I�
 2	�  M�. Q. *# ��

 0.�g)E��%H *
 _�
�� *I�
   J	)�&� *
 l� *I�
 �0 � ��)7.��K� ( �I�.0 w�g) �.�
�
 ���

2��
 T�UI. ��"# �0 ��
 M	C+DI �.�
 .���=> .�C
. ���# M�. 2�� *I��I Q. ��	
  F�> *
 ��

 W&, � ����	;<)*I�
 Q. J� �� ���=>  .%����	
 R��@ �P? ��� �� 0���� ��� � `���Q� 0�

2��
 �.�@ *g\�i� .V�� �
 *I�
 ����  B�CD� FZ.�� �a *# -���	
 M�. Q. �OI 0��� ���

 MC�.0�
 m�� �
 *# �I0��I �g, -�
�I��KI ��PC��
 �.�@ ���,�P� 0��� W&, � T�UI.

T�
 *I�
 �PI.�C
 ��. M�. ��];. M�A �J�{�\�	
 X�CP# m.��. ��C,.� �0 ���� Q. ���� 

2	����
 -� Q. *# .� �� R��@ X�CP# �.�
 �� �� �� �P���I ���g� 0��I �0�SC,. -.�). M��
 �.5\ 

 ��OP���  �g	]a ��a *
 �I�0�@ *# -���	
 M�. Q. -.�)�	;<)R��@ ��� ���� � �
�I�.0Q�
   ���

�
 ��P���I o�S�. .� .%����	
 7�� ��� l# � �0�,  *P�%� 0��I �0�SC,. .���� 2,0 *
 e��CI -��
 

�� ��0�) ��$�.� Q. �$� -.�P> *
 �I.�)  M	�|) �0 *P	�
 ���T��, `��# }�a ��. �0 

0�	
 �.�@ �0�SC,. 0��� � 0��P"	6 �Q���"#.  

  

����% &�� 

`���Q� B�CD� FZ.�� ��0�
 T�UI. ��Q }�� *
 ��:  

'( )��    #���� 
���     *+�����% 
�+� :          *GI��I .�GC
. �.�G�. *G	\�. *G�Z�� �0       �Q�G) ��G� Q.

2	����
  �� )�%H    J	)�&� � ��    7.��K� �� ��  ��(   Q.        �)�'	'() }�a J� d\�@ �0 B�CD� wa�P�

V��   �� ���� .  *I��I ���OP� M��
  ��    V�� Q. W6 *�L��Y
     *+	# -��0 ����     �.�@ �I����I ���

          V�� F(� F��� J� �� ��.�(L ��=D"� W&, � �I�� �0.0          �`G��� �C+G
 �r�S)�. �����

 V�� 1���)     � ���� ... ��0�
 y�=\. _�
�� *+	# *
 .*I��I ��  ��G)�# �0      *G
 MG$�� -�G�Q M��G)

    �0.0 X�'CI. �%���  ��   -� ��;!� 0.�� �)     �GZ �G�       00�G
 ~GSZ -�G$�n. .    r��G� Q. FG]@   ��G	��>

   2�� ���K"���Q�  T�UI. ���=G>   ��G	
     �G�)   m�Gu     ��#.�GZ ��G���       -�G�Q Q. WG6 2>�G,  

V��  ����(� *I��I     �0�SC,. �
 ��    ����	�# Q.         2G	����
 �G]Cg� ��G����� �0 0���� ���,�P�    �G�

(Frey et al., 1995; Smith, 2004) T�I M		g)  �j�=D� �# y�=\. �
 W&, T����
�� �0  ��.Q�



���������	
��
 � �
:  ��	��������� �	
�� ��	
� �� ������� ��
!�"!  

  

  

  

  �

   �Q���"# 0���("IRAN")     �I�� �0.0 �.�@)      2,�	6 X�.�� �0 ��� *�.�. }�� *
(  �   �G�.  `GD


 *I��I lO>.  ��  T�UI. 2��  ���=>  ��	
    �       ���G�	
 ��G'	'() `D
 ��K"���Q� *
 �      -�G��	
 ��G�

) ��'	'() *+,��  ��"# �$�%&��	
(  �� F'CP�  . *GI��I      ��� �G� *G��IQ��    �0 *��G, �0    ��G�0

                      5G��P� �G
 �\�G
�f Q. � ��G� �0�G6 �G@�
 s�	,� [,�) �g
 � �I��0�
 J"H ��K"���Q�4/^ 

��	�         ���=> B�CD� FZ.�� T�UI. 2�� W&, ���I.�5
 �C�    ��	
  *"	� -��0 *
     �I� ��	) ���

�I��0�
 F'CP�.  

,(-��. ����$  �����/	 � #�01 2$�	 ��: R��@ Q. �0.�g)  �0 0���� ��� ���,�P� ���

����	
 ��'	'() `D
 -�	+$�# 0.Q.�� � 0.%#�H R��@ *�.�� �P? F��� -���	
 ���  s�DCI.

 �,��
 �.�
 ��	;<)���=>  �I�� *C��
 �OI �0 2	����
 ���.  

3(���45  
��6: ���=> *I��I �0�6 Q. ��	
 7�� w]a 2	����
 ���Banerjee and Sen 

(1979)2��
 T�UI. ��%� �.�		�) �
  . -0��Q� Q. W6 ���� 2,0 *
 e��CI Q. *# ���UI� Q.

XYZ  �
� ���)��I���� � T�H(X�, �0 �CSI �). � �I�C,. ��\�I�C� ��\�I�). �  M�. 2+DI ���

M��C�
 �,��
 �0 .5\ ���� 2,0 *
 �\�I�). ���=> Q. *U	CI �Q� d�f.`��  ���=> Q. ['� ���

��0�
 �0�SC,. �\�I�). .�
 2	����
 *I��I �� Q. J"H �0�6 T�
 J� �.�'� ���OP� M��
 �^ 

��	�  ��� *
 � �0��I _��D� XYZ �C	\�E 2>�, �
 �$	� ��� 2>�, �E^ *'	@0 �0 ��0 

 �0.0 -�$) y�). ���0 �0�� .-0�# {�	S��CI�, w��a Q. ��	
 ����'
 W&,  ��� *
�^ �0 *'	@0 

rpm�4^^��0�
 .�� ���=> Q.  . �.�
 �	D])���=> Q. XYZ ���  ���0 �0 �.�0 �	i') ��KC,0 Q.

�^�CI�, *��0  �� �0�SC,. 0.�
 .���=> lUZ �XYZ -0��I k��H Q. W6  �i'� s� �
 ��

��� ��I�,� ��]@ lUZ *
 F��C,.`���Q� T�UI. �.�
 �  �I�� *C��
 ��# *
 ��.  

�( ����% ��781���45  ��*�����% 
-��. 
��  ��: ���=>  ��UZ 2]+I *
 ���:�^ �
 

J6.Q 2"# [	(����
� (CzA)  ���0 �0 �4�CI�, *��0   �.�'� � ��0�
 _��D� 0.�
 E^ 

��	� -� Q. �C	\ JC") *
 ��   ��C6 ����^�CI�,  0�
 F'CP� ��C��� . _��D� -�� 0�, Q. �g


 �Q�) 2"# *gi@ J� X�'CI. *
 T.�@. �2"# [	(� � ���=> Q. J� �� Q.R��@ ��� 0��� 

 `���Q�)Alternaria alternata, Fusarium oxysporum, Fusarium solani, Macrophomina phaseolina, 

Pythium sp., Rhizoctonia solani, �Verticillium dahliae( �i@ *
��	� 2S�    m�u %#�� *
 �C�



                                                                          #	
��� � �
�$ �

�% #

 : �&'(( �	
�� )* 	���+� )*,--  

  

  

 �

��0�
 2"# [	(� ���Z . ���0 �0 -�	,�
�$I. F�>E4�CI�, *��0   2��
 ���L 0.�
 .

���	) �
��Q�. �Q.�I. ���L *
 ��  �i@ ��	
*P
�6 ��� 2"# R��@ *c 0�
 bg@�� �
 -��%��  �0

 ���� ���	))���=> �@�� ( �i@*P
�6 ��#.�Z *
 R��@ )�^��	�  �C� (��	,�0�
 .  

9(
��$� 2��;1 � #�<=1  :�0.0 *�%U) T�I Q. �0�SC,. �
 ��  ����� �.%�.MSTATC *+��'� � 

M	KI�	� �� T�UI. M$I.0 7�� Q. �0�SC,. �
 �� ��� �0��� e��CI 2�+@ �0 -� }��"� *# 

2,..  

  

>�=�?;% � # 

�	;<) ���=>    *I�
 ���      R��@ ��� 2	����
 B�CD� ���        �G�Q� �Ga �OI 0��� ���`�    ��G�

 ���SC� ��Q }�� *
 ����� ��],�(� �
 � T�UI.2��
 �.�@ �,��
 0��� :  

*+GG��'�M	KI�GG	�  �GG� ��GG�? *GGP
�6 �GGi@ � *GGI�
 R��GG@ ���GG	
 �.%���GG�	
���GG,. *GG
:   

Rhizoctonia solani, Fusarium solani, Macrophomina phaseolina  �  Alternaria alternata  

  *GGI�
 2GGS� �\�I�GG). ���=GG> �0���GG,. *GG
 2GG	����
: Bryum capillare �B. stenotrichum�  
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Table 1- Mean comparison of four fungal colony* diameters in seven bryophyte species ethanolic extracts 
  

������� ��	 
���
 )���� ���(  
Mean of colony diameter (mm) 


����������   
Bryophyte species 

���������   
Bryophyte code 

89.167 a Bryum capillare 1 
87.292 ab

 B. stenotrichum 2 
85.500 b B. caespiticium 3 
81.667 c  Pellia epiphylla 4 
86.222 ab Drepanocladus uncinatus 25 
81.917 c Philonotis marchica  6 
88.194 ab Leskea polycarpa 7 

        * Rhizoctonia solani, Fusarium solani, Macrophomina phaseolina and Alternaria alternata.  

      �������  �� 	
�� �
�� �� ��	� ����� ��� �
 ����� ����� ���� �!"�# $%� �� ����&	!'� �(��  )*�� ���.  

        Means in each column followed by similar letter are not significantly different at 5% level. 
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Table 2- Mean comparison of four fungal colony diameters treated with  

ethanolic extracts of seven bryophyte species mentioned in Tab. 1 

������� ��	 
���
 )���� ���(  
Mean of colony diameter (mm) 


��� ���	  
Fungal species 

�����	   
Fungal code 

81.413 b Rhizoctonia solani 1 
87.929 a Fusarium solani 2 

85.778 a Macrophomina phaseolina 3 

87.714 a Alternaria alternata 4 

    ������� 	� ����� ��� �
 ����� ����� �� 	
��  $%� �� �������� �!"�#&	!'� �(��  )*�� ���.  

     Means followed by similar letter are not significantly different at 5% level. 
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Table 3- Mean comparison of four fungal colony* diameters in six different extract types 

�������  
���
 ��	)���� ���( 

Mean of colony diameter (mm) 

���!"�#$ %& ��' *&�+�,&  -��+� .�/  

Extracts of different solvents 

89.679 a $�% &'( )Raw water( 

85.440 bc
 

&'( �)
�"�* )Boiled water( 

79.667 d &+�
�,- )Ethanolic( 

84.381c &+�
��� )Methanolic(  
86.774 bc

 

&
��.- )Acetonic(  
88.310 ab &�/
 �,- )Petrolium etheric( 

              * Rhizoctonia solani, Fusarium solani, Macrophomina phaseolina and Alternaria alternata  

               ������� 	� ����� ��� �
 ����� ����� �� 	
��  $%� �� �������� �!"�#&	!'� �(��  )*�� ���.  

               Means followed by similar letter are not significantly different at 5% level. 
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 :Grimmia hartmanii, �G. pulvinata �Syntrichia princeps�Orthotrichum 
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Table 4- Analysis of variance for the effect of seven bryophyte species extracts on mycelial growth of 

four pathogenic fungi (name of species are mentioned in Tab. 1) 

Mean of squares Degree of freedom Source of variation  

20.005 ** 6 Bryophyte species  

1151.245 ** 3 Fungal species 

124.264 n.s 18 Bryophyte species×fungal species 

1041.594 ** 5 Extract type 

54.507 n.s 30 Bryophyte species×extract type 

157.666 * 15 Fungal species×extract type 

21.720 n.s 90 Bryophyte species×fungal species×extract type 

80.871 336 Error  

      Coefficient of variation (C.V.) = 10.49% 

      ** Significant at 1% level   
      * Significant at 5% level 
       n.s = not significant 
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Table 5- Mean comparison of five fungal colony* diameters in nine bryophyte species ethanolic extracts 

.�/0
�!  12%�3 �4�)�&�! �6!(  
Mean of colony diameter (mm) 

����� 10�%��  
Bryophyte species 

������� �8  
Bryophyte code 

55.600 g Grimmia hartmanii 15 

47.400 i G. pulvinata 16 
74.200 d Syntrichia princeps 17 

53.800 h Orthotrichum rupestre 18 

71.000 e Bryum neodamense 27 

57.400 f
 Drepanocladus aduncus 28 

85.000 b Bryum weigelii 29 

76.600 c
 Amblystegium tenax 30 

86.800 a Philonotis fontana 31 

      * Rhizoctonia solani, Fusarium solani, F. oxysporum, Macrophomina phaseolina and Alternaria alternata. 

      ������� 	
�� �� ����� ����� �
 ��� ����� 	� �!"�# �������� �� $%� & �(�� 	!'� ��� )*��.  

      Means followed by similar letter are not significantly different at 5% level. 
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Table 6- Mean comparison of five fungal colony diameters treated with  

ethanolic extracts of nine bryophyte species mentioned in Tab. 5 

������� ��	  
���
)���� ���(  
Mean of colony  diameter (mm) 


��� ���	  
Fungal species 

�����	   
Fungal code 

69.444 c Fusarium solani 1 
70.889 b F. oxysporum 2 

60.000 d Rhizoctonia solani 3 

77.444 a Macrophomina phaseolina 4 

59.889 d Alternaria alternata 5 

        ������� 	� ����� ��� �
 ����� ����� �� 	
��  $%� �� �������� �!"�#&	!'� �(��  )*�� ���.  

          Means followed by similar letter are not significantly different at 5% level. 
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Table 7- Analysis of variance for the effect of nine bryophyte species extracts on mycelial  

growth of five pathogenic fungi (name of species are mentioned in Tabs 5 and 6) 

Mean of squares Degree of freedom               Source of variation 

3101.250 ** 8 Bryophyte species 

1541.233 ** 4 Fungal species 

1368.958 ** 32 Bryophyte species×fungal species 

    1.089 90 Error 

             Coefficient of variation (C.V.) = 1.55% 

             ** Significant at 1% level 
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Table 8- Mean comparison of five fungal colony diameters for each  

bryophyte species ethanolic extract × fungal species 
 .�/0
�! 12%�3 �4�)�&�! �6!( 

Mean of colony  
diameter (mm)  

9	
� 10�%  
Fungal species  

9	
� �8  
Fungal code 

������� 10�% 
Bryophyte species  

��� �8����  
Bryophyte code 

65.000 i Fusarium solani 1 
63.000 j F. oxysporum 2  
15.000 r Rhizoctonia solani 3 
90.000 a Macrophomina phaseolina 4 
45.000 m Alternaria alternata 5 

Grimmia hartmanii 15 

50.000 l  Fusarium solani 1 
60.000 k F. oxysporum 2  
91.000 a Rhizoctonia solani 3 
17.000 q Macrophomina phaseolina 4 
20.000 p Alternaria alternata 5 

G. pulvinata 16 

82.000 b Fusarium solani 1 
75.000 e  F. oxysporum 2  
90.000 a  Rhizoctonia solani 3 
90.000 a Macrophomina phaseolina 4 
34.000 n  Alternaria alternata 5 

Syntrichia princeps 17 

72.000 f Fusarium solani 1 
63.000 j F. oxysporum 2  
25.000 o  Rhizoctonia solani 3 
89.000 a  Macrophomina phaseolina 4 
20.000 p Alternaria alternata 5 

Orthotrichum 
rupestre 

18 

68.000 h Fusarium solani 1 
62.000 j F. oxysporum 2  
68.000 h Rhizoctonia solani 3 
79.000 cd Macrophomina phaseolina 4 
78.000 d  Alternaria alternata 5 

Bryum neodamense 27 

65.000 i  Fusarium solani 1 
75.000 e F. oxysporum 2  
10.000 s  Rhizoctonia solani 3 
62.000 j Macrophomina phaseolina 4 
75.000 e  Alternaria alternata 5 

Drepanocladus 
aduncus 28 

75.000 e Fusarium solani 1 
80.000 c F. oxysporum 2  
90.000 a Rhizoctonia solani 3 
90.000 a Macrophomina phaseolina 4 
90.000 a Alternaria alternata 5 

Bryum weigelii 29 

73.000 f Fusarium solani 1 
70.000 g F. oxysporum 2  
62.000 j Rhizoctonia solani 3 
90.000 a Macrophomina phaseolina 4  
88.000 a Alternaria alternata 5 

Amblystegium tenax 30  

75.000 e Fusarium solani 1 
90.000 a F. oxysporum 2  
90.000 a Rhizoctonia solani 3 
90.000 a Macrophomina phaseolina 4 
89.000 a Alternaria alternata 5 

Philonotis fontana 31 

��	
��� &� F��G� H�I D� �-�-# C�-)I �? &���  J�. �# K�G,1�/, )�"�'A&�L� )M�#  6��
 �-#. 

Means followed by similar letter are not significantly different at 5% level. 
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Table 9- Mean comparison of four fungal colony* diameters  

for each bryophyte species extract × extract volume 

�������  
���
 ��	)���� ���( 

Mean of colony diameter (mm) 

 ���!" 56$)���� ���7( 

Extract volume (ml) 

������� 
���  
Bryophyte species 

������� �� 

Bryophyte code 

  

73.250 d
  

59.500 g 

 
2 
4 

Warnstorfia exannulata 19 

76.000 c
  

66.750f
  

2 
4 

Didymodon spadiceus 20 

84.500 a 
58.000 h 

2 
4 

Gymnostomum aeruginosum 21 

52.250 i 
43.250 j 

2 
4 

Dumortiera hirsuta 22 

70.750 e 
59.750 g 

2 
4 

Cratoneuron commutatum 23 

70.250 e
  

59.500 g
  

2 
4 

Plagiomnium rugicum 24 

78.250 b 
72.500 d 

2 
4 

Drepanocladus uncinatus 25 

75.750 c 

67.500f
  

2 
4 

Cratoneuron filicinum 26 

* Fusarium solani, F. oxysporum, M. phaseolina and Pythium sp. 
��	
��� &� F��G� H�I D� �-�-# C�-)I �? &���  J�. �# K�G,1�/, )�"�'A&�L� )M�#  6��
 �-#.  

Means followed by similar letter are not significantly different at 5% level. 

  

*+��'� M	KI�	�   ��   �i@ �*P
�6         ��#5G� R��G@ *GI�
 ���? �.�G
      FG
�'C� �G;.      Q. JG� �G�

���=>    ���2	����
  ��*  *I�
   ��� R��@     W$> *# 0.0 -�"I      FG�g\. *GI�
   ��G�    R��G@   *GI�
 �0 

      T�	�+	� ��� �OI Q. 2	����
 �Pg� ���S)   2�.0 ��.0 .     R��G@ *GI�
3     *GI�
 �0  2G	����
 EE 

  	�+	� ��� M��C�#  T�)4^^/E� ��	�   �C� (     R��@ *I�
 �0 ��   *GI�
 �0    ��G�  2G	����
E4 � E� 

 T�	�+	� ��� M��C"	
)^^^/�^��	�  �C� (2�.0 .� ) X�����.(  

   -���6 �0*+��'� M	KI�	�   ��   �i@ �*P
�6        X��� �0 }��"� R��@ *I�
 ���?��  �.�G
   �G;. 

 *I�
 F
�'C�  ���   R��@ * lUZ ���=>      WG$> *# 0.0 -�"I    FG�g\.  *GI�
    ��G�      �.�G'� �0 R��G@ 

���=>       T�	�+G	� ��� �OI Q.   �GPg� ���GS)    2G�.0 ��.0 .   *GI�
 R��G@ 3   �0    ���=G> �.�G'� � 
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��	�       T�	�+	� ��� M��C�# �C	\)�4^/4^  �G�	�    �GC� (   *GI�
 �0 �  R��G@  �   �0    ���=G> �.�G'� E 

��	�  T�	�+	� ��� M��C"	
 �C	\)4^^/����	�  �C� (2�.0 .� ) X����E.(  

  
���� 89�  0
���-1 ��23, �-�'��45,����� �-)�� 1#   $������ )"� �' 6�7���' �
�� 6G� &+�
�,-   

&���� �-2���8�' 
��� �
�� ����) �
�� &��.-  :1)* �# ��O6.- �)" �#�1( (  
Table 10- Analysis of variance for the effect of eight bryophyte species ethanolic extracts on  

mycelial growth of four pathogenic fungi (name of species are mentioned in Tab. 9) 

Mean of squares Degree of freedom Source of variation 

1737.261 ** 7 Bryophyte species 

6662.297 ** 1 Extract volume 

244.440 ** 7 Bryophyte species × extract volume 

5931.922 ** 3 Fungal species 

509.065 ** 21 Bryophyte species × fungal species 

379.172 ** 3 Fungal species × extract volume 

200.172 ** 21 Bryophyte species × fungal species × extract volume 

1.875 128 Error 

 
              Coefficient of variation (C.V.) = 2.05% 

              ** Significant at 1% level 

  

�	;<)   2	����
 �?��@ �A                     R��G@ �G�� Q. �GI�0�@ �GZ *G? �G) -���	
 M�. *# M�. � ��    �G�

        ��"# �|g
 �0 -�P# �) ��I��� F�> *
 ��	
���         -� �C"G	
 �\� *C��
 T�UI. -��� ���     �0 �G�

 0����	;<)R��@ ��� -���	
 M�.     �0�G
 �$G�%6 �.%����	
 ���  2G,.Madsen & Pates, 1952;) 

(Mc Cleary & Walkington, 1966; Gunnison & Alexander, 1975; Glime & Saxena, 1991 .  

                2G	����
 `G'I ���G
�0 �#�GI. ��G'	'() -�P# �) *# 2,. �\�Z �0 M�.      R��G@ ��� �G�    ��G�

  2G,. *C��
 ���L ���	
 �.%����	
(Pryce, 1972, Banerjee & Sen, 1979) . �0 �G,��
   ��G�

  R��G@ �-�G''(� M�. [,�) ��� T�UI.     �G	OI ���G	
 �.%���G�	
 ��G�:Alternaria, Aspergillus, 

Botrytis, Curvularia, Helminthosporium, Septoria, Pyricularia � Uromyces    MG�. T�GUI. 2��

��g\�i� 2��
 �.�@ [
��� -.�P�"I.0 *��) 0��� -� e��CI *# �� *C��
 �OI �0.   



���������	
��
 � �
:  ��	��������� �	
�� ��	
� �� ������� ��
!�"!  

  

  

  

  
�

���� ��� ��������	
���   ��� �
��� ����������� ���� �
��  ������ ���   

����� !� "� ��  #�$���� %&�
�'� ���*�
�� ����   
Table 11- Mean comparison of four fungal colony diameters for each  

bryophyte species ethanolic extract × fungal species 

 .�/0
�!12%�3 �4�  
Mean of colony 
diameter (mm) 

���	 
���  
Fungal species  

���	 �� 

Fungal code  
������� 
��� 

Bryophyte species  
������� �� 

Bryophyte code  

 
78.000 ef 

 
Fusarium solani 

 
1 

61.500 l F. oxysporum 2 
56.000 m Macrophomina phaseolina 3 
70.000 i Pythium sp. 4 

Warnstorfia exannulata 19 

87.000 b Fusarium solani 1 
73.500 g F. oxysporum 2 
55.000 m Macrophomina phaseolina 3 
70.000 i Pythium sp. 4 

Didymodon spadiceus 
 

20 

79.000 de Fusarium solani 1 
67.500 j F. oxysporum 2 
67.000 j Macrophomina phaseolina 3 
71.500 h Pythium sp. 4 

Gymnostomum aeruginosum 
 

21 

74.000 g Fusarium solani 1 
53.500 n F. oxysporum 2 
24.500 q Macrophomina phaseolina 3 
39.000 p Pythium sp. 4 

Dumortiera hirsuta 
 

22 

86.500 b Fusarium solani 1 
64.000 k F. oxysporum 2 
55.000 m Macrophomina phaseolina 3 
55.500 m Pythium sp. 4 

Cratoneuron commutatum 
 

23 

82.500 c Fusarium solani 1 
53.000 n F. oxysporum 2 
77.000 f Macrophomina phaseolina 3 
47.000 o Pythium sp. 4 

Plagiomnium rugicum 
 

24 

90.000 a Fusarium solani 1 
64.000 k F. oxysporum 2 
80.000 d Macrophomina phaseolina 3 
67.500 j Pythium sp. 4 

Drepanocladus uncinatus 25 

90.000 a Fusarium solani 1 
60.000 l

 F. oxysporum 2 

72.000 h
 Macrophomina phaseolina 3 

64.000 k
 Pythium sp. 4 

Cratoneuron filicinum 26 

��	
��� &� F��G� H�I D� �-�-# C�-)I �? &���  J�. �# K�G,1�/, )�"�'A&�L� )M�#  6��
 �-#. 

Means followed by similar letter are not significantly different at 5% level.  
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Table 12- Mean comparison of four fungal colony diameters  

for fungal species × extract volume 

�������  ��	
���
) ���� ���( 

Mean of colony 
diameter (mm) 

56$ ���!" )���� ���7(  

Extract volume (ml) 

���	 
���  

Fungal species 

�����	  

Fungal code 

87.500 a
  2 Fusarium solani 1 

67.250 d 2 F. oxysporum 2 

70.875 c
  2 Macrophomina phaseolina 3 

64.875 e
  2 Pythium sp. 4 

79.250 b
  4 Fusarium solani 1 

57.125 f
  4 F. oxysporum 2 

50.750 h
  4 Macrop\homina phaseolina 3 

56.250 g 4 Pythium sp. 4 

��	
���  �? &���&� F��G� H�I D� �-�-# C�-)I  J�. �# K�G,1�/, )�"�'A&�L� )M�#  6��
 �-#.  
Means followed by similar letter are not significantly different at 5% level. 
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 R��GG@ *GGI�
 JGG� s�GGDCI. �GG
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 �0  

(A. alternata)*GGI�
 �  GG@ Q. ��GGK�0 ��GG�R��   -.�GG�. �0 X�.�GGC� � ���GG	
 �.%���GG�	
 ��GG�

�PI��:Pythium, Macrophomina, Fusarium � Rhizoctonia    2G,0 *
 e��CI *# �� *C��
 �OI �0
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. Banerjee & Sen (1979)    �0 *G# �PCG�.0 ��G�u. 0�H *\�'� �0 
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�
 7.��K� *I�
 (leafy liverworths)  G,. *G
 ��� :Pellia epiphylla � Dumortiera hirsuta 
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 2G() ��G�            Q. WG6 ��#5G� *GI�
 �0 *G# 
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�GI�.0Q�
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 �   

)
�'� �0�  �G�	� ��G�? � �0 �  �GC	\ (  R��G@ �0 �G� ���F. solani � Pythium sp.  0.0 -�"GI  .  .5G\
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